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SPECIFICATION 
CERAMIC SINTERED BODY AND CERAMIC FILTER 

REIiATED APPLICATION 

This appllca-bion Is an appllca'blon claiming a priori.'by 

f 

right: based on Japanese Patent Applica'bxon No. 2003-361229 
filed on Sep-bember 12, 2003. 

TECHNICAL FIELD 

This inven-kion relates to a ceramic sintered body and a 
ceramic filter produced by using the ceramic sintered body, and 
more particularly to a ceramic filter used for removing 
particulates discharged from an internal combustion engine such 
as a diesel engine or the like. Moreover, a catalyst can be 
carried on the ceramic filter. 



BACKGROUND ART 

It has been pointed out that the exhaust gas discharged 
from internal combustion engines in vehicles such as buses or 
trucks, construction machines and the like contains a large 
number of fine particulates, and causes a harmful effect on 
environment and the himian body . Therefore , it has been required 
to remove and purify the particulates . In order to fulfill such 
requirement, a filter for purifying the exhaust gas , for example, 
a filter with a honeycomb structure comprising porous ceramics 
has been developed. 

FIG. 6 is an example of the conventional ceramic filter 
with a honeycomb structure. The conventional filter is 
constituted with a cylindrical-shaped honeycomb structural 
body 30 formed by arranging a plurality of cells 31 as an exhaust 
gas path side by side in the longitudinal direction through cell 
walls 33. 

As shown in Fig. 6(b) , the cells 31 are plugged at either 
one end portions of inlet side or outlet side for the exhausted 
gas with plugging materials 32 , in which the exhaust gas flown 



into certain cells 31 passes through the cell walls 33 
separating these cells 31 and flows out from another cells 31 . 

When such a ceramic structural body 30 is placed in an 
exhaust path of an internal-combustion engine, particulates in 
the exhaust gas discharged from the internal-combustion engine 
are caught by the cell walls 33 when passing through the 
honeycomb structural body 30, and as a result, the purification 
of the exhaust gas is conducted. 

As a filter material for such a honeycomb structural body 
may have hitherto been used oxides such as cordierite and the 
like, carbides and the like. Among them, silicon carbide has 
advantages that it is excellent in the thermal conductivity, 
heat resistance, mechanical properties, chemical resistance 
and the like . 

For instance, i7P-A-S60-264365 discloses a porous silicon 
carbide sintered body having a three-dimensional net-like 
structure mainly coioposed of plate crystals with an average 
aspect ratio of 2-50. 

JP-A-H04-187578 discloses a method of producing a porous 
silicon carbide sintered body by mixing a-type silicon carbide 
powder having a mean particle size of 0.3-50 pm and p-type 
silicon carbide powder having a mean particle size of 0.1-1.0 
pm to form raw powder and firing the raw powder. 

JP-A-H05-139861 discloses a method of producing a p-type 
porous silicon carbide sintered body by mixing silicon carbide 
powder having a mean particle size of 0.5-100 pm and p-type 
poly crystalline silicon carbide powder having a mean particle 
size of 0.1-5 pm to prepare raw powder and firing the raw powder . 

i7P-A-H06-1822282 discloses a method of producing a 
catalyst carrier by shaping and firing silicon carbide powder 
having a specific surface area of 0.1-5 m^/gr and impurity 
components of 1.0-5%. 

JP-A-H09-202671 discloses amethod of producing a silicon 
carbide honeycomb filter by mixing a-type silicon carbide 
powder having a mean particle size of 0.3-50 pm, p-type silicon 
carbide powder having a mean particle size of 0.1-1.0 pm and 
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the like to form raw powder and firing It. 

JP-A-2000-16872 discloses a method of producing a porous 
silicon carbide sintered body by mixing a-type silicon carbide 
powder having a mean particle size of 5-100 pm and a-type or 
p-type silicon carbide powder having a mean particle size of 
0.1-1.0 pm to form a mixture and firing It. 

JP-A-2001-97776 discloses a porous silicon carbide, 
sintered body and the like wherein silicon carbide crystal 
particles constituting a porous structure are connected to each 
other through neck portions and the neck portion smoothly 
curves . 

Generally, a filter for purifying the exhaust gas Is 
subjected to a regeneration treatment In order to burn and 
remove particulates after catching a certain amount of 
particulates. However, when a filter made of silicon carbide 
Is subjected to the regeneration treatment, large cracks may 
be generated In the filter Itself due to thermal stress 
generated In the regeneration treatment. The filter having the 
cracks has a problem that the exhaust gas leaks out from the 
cracks and the catching of the particulates becomes Incomplete 
after a long-term use of the filter. Such cracks can occur 
across silicon carbide particles^ and cause breakage of the 
filter . 

Further, i7P-A-2002-201082 discloses a porous honeycomb 
structural body for a filter Including fire-resistant particles 
such as silicon carbide particles and the like, and metallic 
silicon. In such a honeycomb structural body, a catalyst Is 
carried which acts to lower activate energy for the combustion 
of particulates or conversion harmful gas components such as 
CO, HC, NOx and the like. Further, as the degree of dispersion 
to the honeycomb structural body becomes higher, the reaction 
site to the particulates and the harmful gas components 
Increases and the activity also Increases . At a high temperature, 
however, the specific surface area of the catalyst carrier used 
for Increasing the dispersion degree of the catalyst such as 
alumi na and the like decreases and the sintering of the catalyst 
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itself Is caused. Consequexi'bly, ±t. Is known tiiat the dispersion 
degree gets worse . Besides , in such a honeycomb structural body, 
the therxEial conductivity is low as coxnpared with the honeycomb 
structural body made only of silicon carbide, so that when the 
same amount of particulates is burnt at the regeneration 
treatment, the activity of the catalyst carried may decrease 
because heat from burning portions of particulates on surfaces 
of cells and the like is hard to disperse and the temperature 
of the burning portions becomes extremely high. Therefore, in 
the honeycomb structural body including heat-resistant 
particles and metallic silicon, visible-size cracks may be 
generated at the regeneration treatment. 

It is an object of the invention to solve the above 
problems inherent to the conventional techniques , and to 
provide a ceramic sintered body having a long-term stability 
which can prevent cracks from occurring due to the breakage of 
ceramic particles when thermal stress is applied and catalyst 
carried from deteriorating when thermal stress is repeatedly 
applied, and a ceramic filter produced by using the ceramic 
sintered body. 

DISCLOSURE OF THE INVENTION 

The invention is a ceramic sintered body coinprising 
ceramic coarse particles and a bonding layer existing between 
the ceramic coarse particles to connect the particles and 
including ceramic fine particles having a mean particle size 
smaller than that of the ceramic coarse particles . 

In this invention, the ceramic coarse particles are 
single -crystal . 

Also, in the invention, the bonding layer is formed with 
ceramic fine particles having a mean particle size smaller than 
that of the ceramic coarse particles and/or a sintered body of 
aggregates thereof, or is a brittle body having a strength lower 
than that of the ceramic coarse particles , or is a polycrystal 
body comprising a plurality of the ceramic fine particles , and 
the ceramic fine particles are formed by sintering with the 
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grain boundary rexnalned, and con-tain a'b leas-b one sintering aid 
selected from Iron, aluminium, nickel, -tltenlum, chromium, 
oxide, and fur-ther, -the con-ten-t of -the sln-terlng aids Is higher 
-than -tha-t In -the ceramic coarse par-tlcles . 

In -the ceramic sintered body according -to -the Inven-tlon, 
an average par-tlcle size rat:lo of -the ceramic coarse par-tlcles 
-to the ceramic fine particles Is 15:1 "^1 : 200 and a ra-tlo of 
-the t;otal weights of the ceramic coarse particles to the 
ceramic fine particles Is 1:1 : 9 . 

Next, the Invention proposes a honeycomb- structural 
ceramic filter comprising a pillar-shaped porous ceramic member 
or a combination of a plurality of the pillar-shaped porous 
ceramic members in which a plurality of cells as a gas passageway 
are arranged side by side in a longitudinal direction through 
cell walls and either one end portions of these cells are plugged, 
characterized in the filter Itself is formed by a ceramic 
sintered body comprising ceramic coarse particles and a bonding 
layer existing between -the ceramic coarse particles to connect 
-the particles and including ceramic fine particles having a mean 
particle size smaller -than that of the ceramic coarse particles . 

In -the ceramic filter according to the invention, the 
concrete structures of the ceramic coarse particles and the 
bonding layer are the same as described in the ceramic sintered 
body, and therefore detailed explanation is omitted. 

As ceramic used in the invention may be mentioned, for 
example, aliunina, zlrconla, mullite, silica, cordlerlte and the 
like . 

As -the nitride ceramics may be mentioned, for example, 
aluminiiim nitride, silicon nitride, boron nitride, titaniiim 
nitride and -the like . 

As -the carbide ceramics xoay be mentioned, for example, 
silicon carbide, zirconium carbide, tltanl-um carbide, tan-talum 
carbide, tungsten carbide and -the like. 

These cerami cs may be used alone or in a combination of 
two or more. 

In the invention, the ceramic sintered body is preferable 
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-bo use sxlicon carbide as the ceraunic coarse par'blcle and tiie 
bonding layer. Further, the ceramic Is preferable to show two 
peaks of particle size according to a particle size distribution 
of particles (vertical axis: number of particles, horizontal 
axis : particle size) and have an average particle size of not 
less than 30 izm. 

Further, the ceramic sintered body Is preferable to be 
a porous body. 

Hereinafter, as the ceramic sintered body according to 
the Invention , there Is explained a case of mainly using silicon 
carbide. The ceramic sintered body may be referred to as 
silicon carbide sintered body , the coarse particles comprising 
silicon carbide may be referred to as silicon carbide coarse 
particles, and the ceramic fine particles may be referred to 
as silicon carbide fine particles In the following explanation. 

Further, the honeycomb structural body as the feature of 
the structure of the ceramic filter according to the Invention 
Is a pillar-shaped body formed by arranging a plurality of cells 
as an exhaust gas passageway side by side In the longitudinal 
direction through cell walls. There are both one-piece type 
and aggregate type honeycomb structural bodies. Hereinafter, 
the one-piece type honeycomb structural body having em 
Integrated structure Is formed Independently as a whole, while 
the aggregate type honeycomb structural body has a structure 
that a plurality of ceramic sintered bodies (units) are united 
through sealing material layers . 

The ceramic filter of the Invention Is preferable to be 
formed by using the above aggregate type honeycomb structural 
bodies using the silicon carbide sintered bodies . 

In the ceramic filter having the aggregate type honeycomb 
structure. It Is preferable that the sealing material layers 
are formed not only between the units but also on the outer 
peripheral surface and that an adhesive having adhesion 
function Is used as the sealing material layer. 

The ceramic sintered body of the Invention having the 
structure explained above, that Is, the silicon carbide 
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sintered body is character ± zed In titia'b mean par-bxcle size ra'blo 
of "the silicon carbide coarse par'tlcles te tiie silicon carbide 
fine par'tlcles Is adjusted te be 15:1 ^200 : 1 and the ratio 
of the tetel weights -thereof Is adjusted te be 1 : 1 "^9 : 1 and 
tha-t the bonding layer comprising silicon carbide fine 
par'tlcles and/or a polycrystalllne body made of the silicon 
carbide fine par-tlcle group Is Interposed be'tween -the silicon 
carbide coarse particles , whereby the bonding layer can develop 
the function of mltlga-tlng the af oremen-tloned thermal shock and 
efficiently prevent cracks from occurlng In the sintered body. 

Further, In -the silicon carbide sintered body, by 
adjusting a mean particle diameter of the silicon carbide coarse 
particle to not less -than 30 iiva, the number of the bonding 
layers Is decreased, while -the number of the silicon carbide 
fine particles per the bonding layer Is Increased, so that It 
Is possible to sufficiently ensure the thickness of the layer 
comprising the polycrystalllne bodies cons-tl-tuted wl'th -the 
silicon carbide fine par'tlcles and/ or 'the silicon carbide fine 
par'tlcle group (bonding layer) to effectively act on the 
ml'tlgatlon of the tJiermal shock as described above. Moreover, 
the bonding layer means bonding portions wherein 'the silicon 
carbide coarse particles are connected to each ether 'through 
the polycrystalllne body comprising a't leas't one silicon 
carbide fine par'tlcle and/or a group 'thereof. 

In the ceramic filter according to the Invention 
produced by using the silicon carbide sintered body, 'the whole 
of the honeycomb structural body can be enclosed and compressed 
by an action of the sealing material layer, and It becomes 
possible to efflclen'tly prevent minute cracks generated by 
Impact, thermal stress and -the like from growing to be a visible 
size and silicon carbide particles from shedding accompanied 
wl'th the occurrence of cracks. 

In the aggregate type ceramic filter Integrated by using 
the silicon carbide sintered bodies and combining a plurality 
of the honeycomb bodies prepared by these sintered bodies 
through -the sealing material layer, there are advantages In 
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reducing -bhexmal stress and improving hea'b resistance by said 
sealing material layer, and adjusting the size freely by 
increasing and decreasing the number of . the honeycomb 
structural bodies, whereby it becomes possible to catch 
particulates and the like in the exhaust gas more efficiently 
by the cell walls separating the cells . 

Further, by utilizing the ceramic filter of the invention 
as the exhaust gas purifying apparatus for vehicles, it is 
possible to catch particulates in the exhaust gas completely 
for long periods , reduce the deterioration of a catalyst when 
it is carried, prevent the breakage of the filter since minute 
cracks generated by impact, thermal stress or the like do not 
grow to be a visible size, prevent silicon carbide particles 
from shedding accompanied with the occurrence of cracks, 
improve its heat resistance, and adjust the size freely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a perspective view schematically showing 
an embodiment of the one-piece type honeycomb structural body 
using the silicon carbide sintered body according to the 
invention, and Fig. 1(b) is a section view shown by an arrow 
A-A in Fig. 1(a) . 

FIG. 2 is a SEM photograph of the silicon carbide sintered 
body according to the invention showing an embodiment of a state 
of bonding silicon carbide coarse particles and silicon carbide 
fine particles (Example 10) . 

FIG. 3 is a SEM photograph of the silicon carbide sintered 
body according to the invention showing an another embodiment 
of a state of bonding silicon carbide coarse particles and 
silicon carbide fine particles (Reference Example 1) . 

FIG. 4 is a TEM photograph of the silicon carbide sintered 
body according to the invention showing a crystal condition of 
a cross section of the combined state in Referenced Example 1 . 

FIG. 5(a) is a FE -SEM photograph (2000 magnification) of 
a cross section of the bonded state in Reference Example 1 , and 
FIG. 5(b) and FIG. 5(c) are X-ray spectral figures of elemental 
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analysis a'b positions A and B In FIG. 5 (a) , respectively. 

FIG. 6 Is a perspective view schematically showing an 
embodiment of the aggregate type honeycomb structural body 
using the silicon carbide sintered body according to the 
Invention . 

FIG. 7 Is a section view Illustrating an embodiment of 
an exhaust gas purifying apparatus for vehicles equipped with 
the ceramic filter according to the Invention. 

FIG. 8 (a) Is a perspective view Illustrating an 
embodiment of the conventional honeycomb structural bodies , and 
FIG. 8(b) Is a section view along a line B-B In FIG. 8 (a). 

FIG. 9 Is a SEM photograph of the silicon carbide sintered 
body In Comparative Example 7 . 

c 

BEST MODE FOR CARRYING OUT THE INVENTION 

As a desirable embodiment of the ceramic sintered body 
having a honeycomb structural body, a ceramic filter 20 having 
one-piece type honeycozob structure using ceramic carbide 
(hereinafter referred to as one-piece type honeycomb filter) 
Is shown In FIG.l. The one-piece type honeycomb filter 20 Is 
a square-pillar shaped porous body having a plurality of cells 
21 arranged side by side In Its longitudinal direction through 
cell walls 23. These cells 21 are plugged at either one end 
portions of Inlet side or outlet side of the exhaust gas with 
a sealing materials 22 to function the cell walls 23 separating 
the cell 21 as a filter. That Is, the exhaust gas flown Into 
one cell 21 always passes the cell wall 23 and thereafter flows 
out of another cell 21. 

The one-piece type honeycomb filter 20 Itself, especially 
the cell wall 23 Is formed by porous sintered bodies constituted 
with ceramic carbide coarse particles 101 each having a large 
particle size and a bonding layer coinprlslng ceramic carbide 
fine particles 102 each having a small particle size and/or 
aggregates thereof. That Is, as shown In FIG. 2 and FIG. 3, the 
one-piece type honeycomb filter has a structure that silicon 
carbide coarse particles 101 are connected to each other through 
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polycrys'bal body 103 (bonding layer) made of silicon carbide 
fine particles 102 and/or tiie aggregates formed by a group of 
the silicon carbide fine particles 102 . 

In such a one-piece type honeycomb filter 20, thermal 
stress generated In the regeneration treatrment and the like 
Is mitigated by the role of the bonding layer comprising the 
silicon carbide fine particle 102 and/or the polycrystal body 
103 as described above. Although the mechanism of the 
mitigation Is not clear. It can be considered as follows: For 
example. If a fine crack 104 which can be hardly observed until 
SEM and the like as shown In FIG. 3 Is generated In the bonding 
layer comprising the polycrystal body 103, this crack is 
transmitted to the silicon carbide coarse particle 101 as a 
skeleton particle to prevent the crack from growing to be a 
visible large size . It is considered that, in the bonding layer 
formed by the polycrystal body 103 conxprlslng the silicon 
carbide fine particles 102 and/or the aggregates thereof, the 
silicon carbide fine particles 102 compllcatedly bind together 
In random directions . Therefore , in the one-piece type 
honeycomb structural body 20, particulates In the exhaust gas 
can be surly caught continuously after the regeneration 
treatment or the like. 

Further, the bonding layer formed by the polycrystal body 
103 coniprislng groups of the silicon carbide fine particles 102 
shows a property as a ceramic joint body having adhesion and 
bonding function or a ceramic brittle body that has smaller 
strength and is easily broken as compared with the ceramic 
coarse particles . The ceramic joint body or the ceramic brittle 
body is formed by aggregating the silicon carbide fine particles 
102 to a polyczrystalline condition with keeping the particle 
form. Therefore, it can be distinguished from an aggregate 
formed by fusing the silicon carbide fine particles 102 without 
maintaining the particle form as observed by using the 
transmission electronic microscope (TEM) . 

Furthermore, it is desirable that a metal such as Iron, 
aluminium, nickel, titanium, chromium or the like, or a metal 
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oxide "bhereof Is Included in -bhe interf ace of "bhe fine par'bicles 
forming tiie bonding layer. 

They are considered t:o work as a sln'berlng aid for ceramic , 
and further have an action for mitigating the stress. In other 
words, the metal Is easy to be melted because the melting point 
Is Iron: 1540%, aluminium: 660t^, nickel: 1450°C, titanium: 
1660*%^, and chromliam : 1860%, while the melting point of ceramic 
Is approximately 2000 %. As a result. In the case of using as 
a filter, at the high temperature where the biggest thermal 
stress Is exerted, that Is, when the ceramic brings about the 
thermal expansion and the like, the metal Is melted to be like 
an elastic body to mitigate the stress between ceramic particles 
or form gaps between the ceramic particles , whereby the 
compression force between the ceramic particles Is mitigated, 
and hence the stress can be mitigated. 

Further, when the fine particle Is especially carbide 
ceramics or nitride ceramics. It Is preferable that grain 
boundary Is an oxide ceramic (e.g. silica) . It Is considered 
that since oxide ceramics has lower thermal conductivity than 
carbide ceramics or nitride ceramics, heat Insulation effect 
partly appears compared to the bonding layer made only of 
carbide ceraxolcs or nitride ceramics, and rapid temperature 
hardly occurs to mitigate thermal stress. The oxide ceramics 
sometdLmes work as a substance for Inhibiting the firing. 

In the Invention, the silicon carbide coarse particles 
101 as a skeleton particle of the ceramic sintered body have 
a mean particle size larger than that of the silicon carbide 
fine particles 102. The preferable lower limit Is 30 iim and 
the preferable upper limit Is 70 jum. When the mean particle 
size Is less than 30 iim, the number of the bonding layers 
Increases to make the thickness too thin and hence stress can 
not be sufficiently mitigated In the bonding layer. While, 
when the mean particle size exceeds 70 ^m, the number of the 
bonding layers decreases and It Is difficult to form the bonding 
layer thickly, and as a result, the strength of the honeycomb 
structural body 20 lowers and the figures can not be maintained. 
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In addition, when it exceeds 70 /xm, defective forming may be 
caused in the forming and production process . 

In the invention, the silicon carbide fine particles 102 
constituting the bonding layer of the ceramic sintered body have 
a mean particle size smaller than the silicon carbide coarse 
particles 101. The preferable lower limit is 0.1 /zm and the 
preferable upper limit is 2 . 0 /zm. When the means particle size 
is less than 0.1 /xm, it is considered that the bonding layer 
is incorporated into the coarse particles and the bonding layer 
can not easily be formed since the sintering of the silicon 
carbide fine particles is promoted. Further, the cost for 
producing the silicon carbide fine particles 102 increases to 
bring about cost up. On the other hand, when the mean particle 
size exceeds 2.0 /im, it is difficult to form the bonding layer 
by the silicon carbide fine particles 102 and stress cannot be 
effectively mitigated in the bonding layer . 

The preferable lower limit of the mean particle size ratio 
of the silicon carbide coarse particles 101 to the silicon 
carbide fine particles 102 (mean particle size of the silicon 
carbide coarse particles 101 / mean particle size of the silicon 
carbide fine particles 102) is 15 times, and the preferable 
upper limit is 200 times. When the ratio is less than 15 times, 
the formation of bonding portion by the silicon carbide fine 
particles 102 is difficult and stress can not be sufficiently 
mitigated in the bonding layer . While when the ration exceeds 
200 times, the strength of the one-piece type honeycomb 
structural body 20 extremely lowers to easily break down due 
to vibration during the production or use when being mounted 
on vehicles and the like . 

The preferable lower limit of the ratio of the total 
weights of the silicon carbide coarse particles 101 to the 
silicon carbide fine particles 102 (total weight of the silicon 
carbide coarse particles 101 /total weight of the silicon 
carbide fine particles 102) is 1 times, and the prefer£d3le upper 
limit is 9 times . When the ratio is less than 1 times , since 
the rate of silicon carbide fine particles 102 is high. 
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aggregated portion of the silicon carbide fine particles 102 
is formed in addition to the bonding layer and thereby densif ied 
to hardly be porous . Also, since thermal stress is concentrated 
into the portion, it is considered that the one-piece type 
honeycomb structural body 20 is easily broken. On the other 
hand, when the ratio exceeds 9 times, since the rate of silicon 
carbide fine particles 102 is low, it is difficult to form the 
bonding layer by the silicon carbide fine particles 102 and 
stress can not be sufficiently mitigated in the bonding layer. 

As the sealing material 22 for plugging the end portions 
of the cells 31, it is desirable to use the same porous ceramic 
as the cell walls 23. Because the adhesion strength between 
the both becomes high and also the porosity of the sealing 
material 22 is adjusted likewise the cell walls 23, whereby the 
thermal e^^ansion coefficient of the cell walls 23 can be 
matched with the thermal expansion coefficient of the sealing 
material 22. As a result, it is made possible to prevent the 
formation of a gap between the sealing material 22 and the cell 
walls 23 due to thermal stress in the production or use, and 
the occurrence of cracks in the sealing material 22 or the cell 
wall 23 contacted therewith. 

The one-piece type honeycomb filter 20 can be carried with 
a catalyst for decreasing activation energy for the combustion 
of the particulates or converting harmful components such as 
CO, HC, NOx or the like in the exhaust gas. That is, the 
one-piece type honeycomb filter 20 carried on surfaces of the 
cell walls 23 and the like with the catalyst works not only as 
a filter for catching particulates in the exhaust gas, but also 
as a catalyst converter for converting CO, HC, NOx or the like 
contained in the exhaust gas . 

The one-piece type honeycomb filter 20 uses mainly the 
silicon carbide coarse particles 101 and silicon carbide fine 
particles 102 as a starting material and shows a high thermal 
conductivity. Therefore, the maximum teniperature inside the 
filter in the regeneration treatment does not rise as compared 
to the conventional honeycomb structural body formed by joining 
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silicon carbide par 'tides inferior in tiiermal conduc'bivi'by 
tiirough metallic silicon, and the activity of the catalyst: is 
not lowered. 

As the catalyst carried in the honeycomb filter 20 may 
be used any ones which can lower the activation energy for the 
combustion of particulates or conversion harmful components 
such as CO, HC, NOx and the like in the exhaust gas . For example, 
a noble metal such as platinum, palladium, rhodium or the like 
can be used. Particularly, a so-called three-way catalyst 
consisting of platinum, palladiiom and rhodium is preferable. 
In addition to the noble metal, it is desirable to use an alkali 
metal (Group 1 of the Periodic Table) , an alkaline earth metal 
(Group 2 of the Periodic Table) , a rare earth element (Group 
3 of the Periodic Table) , a transition metal element and the 
like. 

The catalyst may be carried on the surfaces of pores in 
the honeycomb filter 20 , or may be uniformly carried on the cell 
walls 23 at a given thickness. Also, the catalyst may be 
uniformly carried on the surfaces of cell walls 23 and/or pores 
or unevenly carried a't certain side. In par'ticular, i't is 
desirable to carry the catalyst on the surfaces of cell walls 
23 or on the surfaces of pores in the vicinity thereof in the 
cells 21 at inflow side. It is more desirable -to carry the 
catalyst on the both surfaces , because the catalyst can easily 
contact with the particulates *to conduct combustion of the 
particulates efficiently . 

When the catalyst is applied to the honeycomb filter 20, 
it is desirable to coat the surface of the honeycomb structural 
body with a support material such as alumina or the like prior 
to the application of the catalyst. Because, it is possible 
to make the specific surface area of the honeycomb structural 
body large to enhance the dispersivity of the catalys't and 
increase the reaction site of the catalyst. Also, 'the support 
material can prevent the sintering of catalyst metal and 
thereby the heat resis-tance of the catalys't can be improved to 
decrease the pressure loss . 
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The one-piece ^ype honeycomb s-bmcbural body carried wl-bh 
t:he ca'talys'bs functions as t;he same exhaust gas purifying 
appara'bus as the known DPF (dlesel particulate filter) equipped 
the with catalyst, ^anwhlle, detailed explanation for the 
case when the one-piece type honeycomb structural body 
according to the Invention functions as a catalyst- carrying 
body Is omitted here. 

The one-piece type honeycomb structural body 20 shown In 
FI6.1 Is square-pillar shaped. However, the shape of the 
one-piece type honeycomb structural body according to the 
Invention Is not especially limited as far as It Is 
pillar-shaped body, and mention may be made of, for example, 
a pillar- shaped body which cross section Is polygonal , circular, 
or ellipsoidal as a shape of a section perpendicular to a 
longitudinal direction . 

The porosity of the silicon carbide honeycomb structural 
body constituting the one-piece type honeycomb filter 20 Is not 
particularly limited, but the lower limit Is desired to be 30% 
and the upper limit Is desired to be 80% . Mien the porosity 
of the structural body Is less than 30%, the honeycomb filter 
20 may be clogged easily, while when It exceeds 80% , the strength 
of the one-piece type honeycomb filter 20 lowers to be broken 
easily. Moreover, the porosity can be measured by the 
well-known methods, such as mercury Injection method, 
Archimedes method, measurement through scanning electron 
microscope (SEM) and the like. 

The average pore diameter of the one-piece type honeycomb 
filter 20 is preferably not more than 5 /xm, while the upper 
limit is not more than 50 /zm. When it is less than 5 p,m, the 
particulates easily cause clogging, while when it exceeds 50 
fim, the particulates can pass through the pores and the catching 
efficiency of the particulates lowers to impede the functioning 
as a filter. 

Although the Illustration Is omitted. In the one-piece 
type honeycomb filter according to the invention. It is 
desirable to form a sealing material layer on an outer 
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peripheral surface tiiereof . 

Such a one-piece "type honeycomb f xlter may have a sealing 
materxal layer formed on an outer peripheral surface "thereof . 
Because, when the sealing material layer Is formed on -the outer 
peripheral surface of *the honeycomb s'truct:ural body. It: Is 
effective te bundle -the one-piece t:ype honeycomb filter tJirough 
the sealing material layer, whereby ^here can be prevented fine 
cracks growing to be visible size due to Impact, fur-ther thermal 
stress or -the like and silicon carbide powders from shedding 
accoxnpanled with the occurrence of the cracks . 

As a material constituting the sealing material layer can 
be used, for example, a sealing material consisting of an 
Inorganic binder, an organic binder. Inorganic fibers and/or 
Inorganic particle, and the like. 

As -the Inorganic binder, mention may be made of, for 
example , silica sol , al-umlna sol and -the like . They may be used 
alone or In a comblna-tlon of two or more. Among -the Inorganic 
binders, silica sol Is desirable. 

As the organic binder , menUon may be made of , for example , 
polyvinyl alcohol, metJiyl cellulose, e-thyl cellulose, 
carboxyme-thyl cellulose and the like . They may be used alone 
or In a comblna-tlon of -two or more . Among the organic binders , 
carboxyme-thyl cellulose Is desirable. 

As -the Inorganic fiber , men-tlon may be made of , for example , 
ceramic fibers such as slllca-alumlna, mulllte, alumina, silica 
and the like. They may be used alone or In a combination of 
two or more. Among -the Inorganic fibers, slllca-alumlna fiber 
Is desirable . 

As the Inorganic particles, mention may be made of, for 
example, carbides, nl-trldes and the like. Concretely, there 
may be men-tloned Inorganic powder or whisker consisting of 
silicon carbide, silicon nl-trlde, boron nl-trlde and -the like. 
They may be used alone or In a comblna-tlon of two or more . Among 
the Inorganic particles, silicon carbide having an excellent 
-thermal conductivity Is desirable. 

Next, as the ceramic filter according to -the Invention, 
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menlixon may be made of an aggregate type ceraxnlc filter 
constituted by bundling a plurality of ceramic filters through 
adhesive sealing material layers , in addition to the one-piece 
type ceramic filter consisting only of one ceramic filter as 
mentioned above. 

Such an aggregate type ceramic filter is a preferable 
embodiment in that the sealing material layer can mitigate 
thermal stress to improve the heat resistance of the filter, 
the number of the ceramic structural bodies can be increased 
and decreased as a unit to freely adjust the size. Moreover, 
the one-piece type honeycomb filter has the same filter function 
as the aggregate type honeycomb filter. 

FIG. 4 shows another embodiment of the invention and is 
a perspective view showing an aggregate type honeycomb filter 
constituting by bundling a plurality of units of 
ceramic (silicon carbide) sintered bodies of honeycomb 
structural bodies through sealing material layers . As shown 
in the figure, the aggregate type honeycomb filter 10 is used 
as an exhaust gas purification filter and formed by bundling 
a plurality of the above units with honeycomb structure through 
sealing material layers 14 in a cylindrical shape to constitute 
a honeycomb block 15 and further coating another sealing 
material layers 13 around the honeycomb blocks 15 in order to 
prevent leakage of the exhaust gas . 

In the aggregate type honeycomb filter 10, the sealing 
material layer 14 is inserted between ceramic honeycomb 
structural body units 20 and functions as an adhesive bundling 
and adhering a plurality of the ceramic honeycomb structural 
body units . On the other hand, it is preferable that the sealing 
material layer 13 is formed so as to enclose an outer peripheral 
surf aces of the honeycomb block 15 as an aggregate body of the 
units, and functions as a sealing material for preventing 
leakage of the exhaust gas passing through the cells from the 
outer peripheral surface of the honeycomb block 15 when the 
aggregate type honeycomb filter 10 is disposed in an exhaust 
path of an internal combustion engine, and be made from a 
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zna-berxal hardly permea'blng gas as compared wl'bh "the ceramic 
sintered body Iteelf . 

In the aggrega-be -type honeycomb filter 10, "the sealing 
material layers 13 and 14 may be made of the same material, or 
different: materials. Further, when the sealing material 
layers 13 and 14 are made of the same material, the compounding 
ratio of the materials can be the same or different. 

However, the sealing material layer 14 may be made of a 
porous material capable of flowing the exhaust gas , but it is 
preferable to be made of a densif led material . On the other 
hand, the sealing material layer 13 is preferable to be made 
of a densif led material. Because, the sealing material layer 
13 is used for the purpose of preventing the leakage of the 
exhaust gas from the outer peripheral surface of the honeycomb 
block 15 when the aggregate type honeycomb filter 10 is disposed 
in an exhaust path of an internal combustion engine. 

As a material constituting the sealing material layer 13 
and the sealing material layer 14 can be used, for example, 
material prepared by compounding the ad^ove-mentioned inorganic 
binder, organic binder, inorganic fibers and/or inorganic 
particles . 

The aggregate type honeycomb filter 10 may have a 
cylindrical shape, but as far as it is pillar- shaped, the cross 
section vertical to a longitudinal direction can be , for example , 
polygonal , circular , or ellipsoidal . 

The aggregate type honeycomb filter 10 can be prepared 
by bundling a plurality of honeycomb structural body units and 
then forming the outer peripheral surface into a polygonal, 
circular, ellipsoidal shape or the like, or by previously 
working the shape of cross section of the honeycomb structural 
body units, and then bundling them through an adhesive so as 
to miake the shape of cross section vertical to a longitudinal 
direction polygonal, circular, ellipsoidal or the likje. For 
example, the aggregated type honeycomb filter may be a 
cylindrical -shaped aggregate type honeycomb filter prepared by 
bundling 4 pillar-shaped one-piece type honeycomb structural 
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body wherein tiie shape of cross section ver'bical to a 
longitudinal direction polygonal is fan-shape formed by 
dividing a circle in quarters . 

Next, an example of the method of manufacturing the 
honeycomb filter using the silicon carbide sintered body 
according to the invention is e^q^lained. 

When the honeycomb structural body is a one-piece type 
honeycomb filter constituted by a single silicon carbide 
sintered body (honeycomb structural body unit) as a whole, a 
starting material paste consisting xaainly of the aforementioned 
silicon carbide coarse particles and silicon carbide fine 
particles is extrusion-molded to form a silicon carbide green 
shaped body having substantially the same shape as a desired 
one-piece type honeycomb filter. 

The starting material paste is not especially limited, 
but it is desirable to use materials wherein the porosity of 
the ceramic member after the production is made 30-80%, and 
there can be used, for exeuaple, one obtained by adding a binder, 
a dispersion medium and the like to the aforementioned silicon 
carbide coarse particles and silicon carbide fine particles . 

As the binder can be used, for example, methyl cellulose, 
carboxy methyl cellulose, hydroxy ethyl cellulose, 
polyethylene glycol, phenol resin, epoxy resin and the like. 
The compounding amount of the binder is usually desirable to 
be about 1-20 parts by weight per 100 parts by weight of the 
silicon carbide particle. 

As the dispersion medixjm can be used, for example, an 
organic solvent such as benzene or the like, an alcohol such 
as methanol or the like, water and so on. The dispersion medium 
is compounded in a proper amount for making the viscosity of 
the starting material paste within a certain range. 

The silicon carbide powder, binder and dispersing medium 
are mixed in an attritor or the like, sufficiently kneaded by 
means of a kneader or the like and then extrusion -molded. 

The raw material paste may be added with a material 
obstructing firing and/ or a sintering aids advancing firing. 
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The average parotide size, par'bicle size dls'brlbu'blon, and 
blending quantity of the material obstructing firing and the 
sintering aids are adjusted depending on the average particle 
size, particle size distribution, and blending quantity of the 
silicon carbide fine particles, whereby the ceramic shaped body 
of the ceramic honeycomb structural body after firing can be 
made to have a structure that the silicon carbide coarse 
particles are bonded with each other through the silicon carbide 
fine particles and/or the bonding layer comprising of 
polycrystal body formed by the silicon carbide particles . 

Also, a shaping assistant may be added to the starting 
material paste. If necessary. As the shaping assistant can be 
used, for example, ethylene glycol, dextrin, aliphatic acid 
soap , polyvinyl alcohol and the like . 

To the starting material paste may be added balloons of 
hollow microspheres composed mainly of oxide ceramic, spherical 
acryl particles , hole-forming agent such as graphite or the like , 
If necessary. 

As the balloon can be used, for example, alumina balloon, 
glass mlcroballoon, sllas balloon , fly ash balloon (FA balloon) , 
mulllte balloon and the like. Among them, fly ash balloon Is 
desirable . 

Then , the ceramic shaped body Is dried by using a microwave 
drying machine, a hot-air drying machine, a dielectric drying 
machine, a reduced-pressure drying machine, a vacuum dzrylng 
machine, a freeze drying machine and the like to form a dried 
body, and thereafter the dried body Is subjected to a plugging 
treatment In which given cells are filled with a sealing 
material paste as a sealing material and clogged at either end 
portions thereof . 

The sealing material paste Is not particularly limited, 
but It Is desirable to use materials In which a porosity of a 
sealing material produced after a post-process Is made within 
30^80%. For example, the same material as In the 
aforementioned starting material paste can be used. The 
starting material paste Is desirable to be a material prepared 
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by addi-ng a lubricaxi't, a solven-b, a dlspersan't, and a binder 
-bo tiie ceramxc part:lcles . The reason is -bha-b tJie se-b-bling of 
-bhe silicon carbide par'bicles in the sealing material pas-be in 
-bhe plugging -breatmen-b can be preven-bed. 

Next, -bhe dried body of -bhe silicon carbide shaped body 
filled with -bhe sealing ma-berial pas-be is degreased and fired 
under given condibions -bo form a silicon carbide one-piece type 
honeycomb f il-ber comprised of a porous sintered body as a whole . 

As -the conditions for decreasing -the dried body may be 
used conditions conventionally applied in the production of 
filters comprising porous ceramics . 

The conditions for firing the dried body are decided 
depending on the average particle size, particle size 
distribution, and blending quantity of the silicon carbide 
coarse particles, the silicon carbide fine particles, -the 
material obstructing firing, the sintering aid advancing firing 
and -the like, whereby the honeycomb structural body after the 
firing can have a structure -that -the silicon carbide coarse 
particles bond with each other -through -bhe bonding layer of 
polycrystal body formed by the silicon carbide fine particles 
and/or an aggregate body of -the silicon carbide particles . 
Concretely, conditions of 1800-2200 °C and 3 hours or -the like 
may be used. 

^en a catalyst is supported on -bhe one-piece type 
honeycomb filter, it is desirable to form am alumina film having 
a high specific surface area on the ceramic fired body obtained 
by firing and provide a catalyst such as platinum or -the like 
on the surface of the al-umina film. 

As a method for forming -the alumina film on -the surface 
of the silicon carbide sintered body, there are, for example, 
a method wherein a solution of a metal compound containing 
aluminum such as A1(N03)3 or the like is iaapregnated in the 
silicon carbide sintered body and heated, a method wherein a 
solution containing alumina powders is impregnated in the 
silicon carbide sintered body and heated, and the like. 

As a me-bhod for providing a co-catalyst or -the like on 
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the alumina film may be used, for example, a method wherein a 
solution of a metal compound containing a rare-earth element 
such as Ce (NO3) 3 or the like is impregnated in the silicon carbide 
sintered body and heated. 

As a method for providing a catalyst on the alumina film, 
may be used, for example, a method wherein a solution of 
dinitrodi amine platinum nitrate ( [Pt (NH3) 2 (NO2) 2] HNO3) is 
impregnated in the ceramic fired body and heated. 

Further, when the honeycomb structural body is an 
aggregate type honeycomb filter 10 constituted by bundling a 
plurality of the honeycomb units through the sealing material 
14 as shown in FIG. 6 , a step of applying a sealing material paste 
forming a sealing material layer 14 on the side of a honeycomb 
structural body unit at a uniform thickness and laminating other 
honeycomb structural body unit is successively repeated to 
prepare a laminate of square -pillar shaped aggregate type 
honeycomb structural body having a given size . 

As the material constituting the sealing material paste 
is already explained and the explanation thereof is omitted 
here . 

Next, the laminate of the honeycomb structural body units 
(aggregated body) is heated to dry and solidify the sealing 
material paste layer to thereby form a sealing material layer 
14, and thereafter an outer peripheral portion thereof is cut 
into a shape as shown in FIG. 6 with a diamond cutter or the 
like to prepare a honeycomb block 15 . 

A sealing material layer 13 is formed on the outer 
periphery of the honeycomb block 15 with the above sealing 
material paste, whereby there can be produced an aggregate type 
honeycomb filter 10 constituted by bundling a plurality of the 
honeycomb structural body units through the sealing material 
layers 14 . 

As an application of the honeycomb filter using the 
ceramic sintered body according to the invention, it is 
desirable to use in an exhaust gas purification apparatus for 
vehicles. FIG. 7 is a diagrammatically section view 
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lllus'bra'bxng an embodimen-b of the exhaus'k gas purxfylng 
appara^bus for vehicles equipped wlbh tiie honeycomb s'bruc'bural 
body. 

As shown In FIG. 7, bhe exhaus'b gas purifying appara'tus 
600 Is mainly consbl-buted wl-th a honeycomb filter 60, a casing 
630 covering the outside of the honeycomb filter 60 , a keep seal 
xaaterlal 620 disposed between the honeycomb filter 60 and the 
casing 630, and a heating means 610 arranged at an exhaust gas 
flowing side of the honeycomb filter 60 . To an end portion of 
the casing 630 Introducing the exhaust gas Is connected an Inlet 
pipe 640 connected to an Internal -combustion engine such as an 
engine or the like, and the other end portion of the casing 630 
Is connected with a discharge pipe 650 connected to an exterior . 
Moreover, an arrow In FIG. 7 shows a flow of the exhaust gas. 

In FIG. 7, the honeycomb filter 60 may be the one-piece 
type honeycomb filter 20 shown In FIG. 1 or the aggregate type 
honeycomb filter 10 shown In FIG. 6. 

In the exhaust gas purification apparatus 600 having such 
a construction, the exhaust gas discharged from the 
Internal-combustion engine such as engine or the like Is 
Introduced Into the casing 630 through the Inlet pipe 640 and 
flown Into the honeycomb filter 60 from the cells open at a 
flowing side, passed cell walls to conduct purification by 
catching particulates with the cell walls and then discharged 
through the discharge pipe 650 to an exterior. 

In the exhaust gas purification apparatus 600, when a 
large number of the particulates Is stored on the cell walls 
of the honeycomb filter 60 to raise pressure loss, the 
regeneration treatment of the honeycomb filter 60 Is conducted. 

In the regeneration treatment , a gas heated by using the 
heating means 610 Is flown Into the Inside of cells of the 
honeycomb filter 60, whereby the honeycomb filter 60 Is heated 
and the particulates stored on the cell walls are combusted and 
removed. Also, the particulates can be combusted and removed 
by using a post Injection system. 
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[EXAMPLES] 

Hereinafter , examples of the inven'bion will be concre'bely 
described wi'bh reference -bo the drawings. However, the 
invention is not limited to the examples only. 
(Exaxaple 1 of the present invention) 

(1) A starting material paste is prepared by wet--mixing 70% 
by weight of a- type silicon carbide powder having an average 
particle size of 30 ym (silicon carbide coarse particles) with 
30% by weight of a-type silicon powder having an average 
particle size of 0.5 ^ (silicon carbide fine particles) and 
adding and kneading with 15 parts by weight of an organic binder 

(methyl cellulose) and 20 parts by weight of water based on 100 
parts by weight of the resulting mixed powder. The silicon 
carbide fine particles are prepared by previously acid-cleaning 
with nitric acid, hydrofluoric acid, hydrochloric acid or the 
like , and then adding 0 . 7 parts by weight of iron powder having 
an average particle diameter of 0 . 1 pm and particle distribution 
within ±10% of the average particle size based on 100 parts 
by weight of silicon carbide fine particles . 

Next, small amounts of a lubricant and a plasticizer are 
added to the starting material paste, mixed and kneaded, and 
thereafter extrusion molded to form a ceramic shaped body having 
a similar shape of the cross section as shown FIG. 1(a) . Next, 
the ceramic shaped body is dried by a microwave drier to form 
a ceramic dried body, thereafter a paste having the same 
composition as that of the ceramic shaped body is filled in 
predetermined cells and again dried by the drier. Then, the 
dried body is degr eased at 400 ""C and fired at 1900 "^C in an aragon 
atmosphere under an atmospheric pressure for 3 hours to obtain 
a honeycomb filter 20 comprising the silicon carbide sintered 
body as shown in FIG.l having a porosity of 50 %, an average 
pore size of 12 //m, a size of 34 mm X34 mm X 150mm, 324 pieces 
of cells, and 0.4 mm thick of a cell wall 23. 

(2) 16 filter units (4 units x 4 units) with honeycomb 
structure are connected through a heat-resistant sealing 
material paste containing 30 wt% of alumina fibers of 0 . 2 mm 
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in fiber leng'bh, 21 wt:% of sxllcon carbide parotides of 0.6 az 
m In average par'blcle size, 15 w'b% of silica sol, 5.6 wt% of 
carboxyme-bhyl cellulose and 28.4 w'b% of water and then cut with 
a diamond cutter to prepare a cylindrical ceramic block 15 
having a diameter of 144 mm Xa length of 150 mm. In this case, 
the thickness of the sealing material layer 14 for connecting 
one-piece type honeycomb filter units Is adjusted to be 1 .0 mm. 

Next, a sealing material paste Is prepared by mixing and 
kneading 23.3 wt% of ceramic fiber made of alximlna silicate 
(shot content: 3%, fiber length: 0.1-100 mm) as an Inorganic 
fiber, 30.2 wt% of silicon carbide powder having a average 
particle size of 0.3 /xm as an Inorganic particle, 7 wt% of 
silica sol (SIO2 content In sol: 30 wt%) as an Inorganic binder, 
0.5 wt% of carboxymethyl cellulose as an organic binder and 39 
wt% of water. 

Then, a sealing material paste layer of 1.0 mm In 
thickness Is formed around the outer peripheral portion of the 
honeycomb block 15 by using the sealing material paste. And, 
the sealing xaaterlal paste layer Is dried at 120 ""C to prepare 
a cylindrical aggregate type honeycomb filter 10 having 
cylindrical shape as shown In FIG. 6 and mainly comprising of 
silicon carbide sintered bodies . 

(3) Al (NO3) 3 Is poured In 1 . 3-butanedlol solution and stirred 
at 60 for 5 hours to prepare 1 . 3-butanedlol solution 
containing 30 wt% of Al (1103)3. The aggregate type honeycomb 
structural body 10 Is Immersed Into the 1 , 3-butanediol solution, 
then heated at 150 ""C for 2 hours and at 400 ''C for 2 hours , further 
immersed in water of 80 ""C for 2 hours, and heated at 700 ""C for 
8 hours to form an alumina layer on the surface of the aggregate 
type honeycomb filter 10. 

Ce (NO3) 3 Is poured In ethylene glycol and stirred at 90 ""C 
for 5 hours to prepare ethylene glycol solution containing 6 
wt% of Ce (NO3) 3 . The aggregate type honeycomb filter 10 having 
an alTualna layer on the surface thereof Is Immersed Into the 
ethylene glycol solution, and then heated at 150 ''C for 2 hours 
and at 650 ''C In nitrogen atmosphere for 2 hours to form catalyst 
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layers con^rlsing rare eartii oxlde-con-balning aluxoina layers 
on the surface of the aggregate type honeycomb filter 10. 

Dinitrodi amine platinum nitrate ( [Pt (NH3) 2 (NO2) 2] HNO3 
having platinum concentration of 4.53 wt% is diluted with a 
distilled water, and the aggregate type honeycomb filter 10 
having rare earth oxide-containing alumina layers on the 
surface thereof is immersed in the prepared solution to attach 
Pt of 2g/L to the surface, and thereafter heated at 110^*0 for 
2 hours and at 500 ''C in nitrogen atmosphere for 1 hour to carry 
a platinum catalyst having an average particle size of 2 nm on 
the surface of the aggregate type honeycomb filter 10. 

(Examples 2~11 of the invention) 

A cylindrical-shaped aggregate type honeycomb filter 10 
mainly comprising silicon carbide sintered bodies and carrying 
a platinum catalyst is prepared in the same manner as in Example 
1 except for changing the average particle sizes of silicon 
carbide coarse particles and silicon carbide fine particles 
used in the preparation of starting material paste, the 
compounding ratio of the silicon carbide coarse particles and 
the silicon carbide fine particles used in the preparation of 
starting material paste, and the firing temperature when a 
ceramic dried body is fired to produce a one-piece type 
honeycomb filter 20 as shown in Table 1 below. 
(Reference Example 1) 

70% by weight of a-type silicon carbide powder having an 
average particle size of 30 /^m (silicon carbide coarse 
particles) and 30% by weight of oc-type silicon carbide powder 
having an average particle size of 0 .5 pm (silicon carbide fine 
particles) are wet-mixed, and to 100 parts by weight of the 
obtained mixture are added and kneaded 15 parts by weight of 
an organic binder (methyl cellulose) and 20 parts by weight of 
water to prepare a starting material paste. The above silicon 
carbide fine particles are prepared by previously acid-cleaning 
with nitric acid, and then adding 0.7 parts by weight of iron 
powder having an average particle diameter of 0.1 \xm and 
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particle distribution within ±10% of the average particle 
diameter based on 100 parts by weight of silicon carbide fine 
particles . 

Next, small amounts of a lubricant and a plasticizer are 
added to the starting material paste , further mixed and kneaded, 
and thereafter extrusion-molded to form a ceramic shaped body 
having a similar shape of the cross section as shown in FIG. 6. 
Then, the ceramic shaped body is dried by a microwave drier to 
form a cerazaic dried body and thereafter a paste having the same 
composition as that of the ceramic shaped body is filled in 
predetermined cells and again dried by the drier. Then, the 
dried body is degreased at 400 and fired at 1900 ""C in an aragon 
atmosphere under an atmospheric pressure for 3 hours to obtain 
a cylindrical -shaped honeycomb filter 30 comprising the silicon 
carbide sintered body shown in FIG. 6 having a porosity of 50 %, 
an average pore size of 12 /zm, 144 mm in diameter X 150mm in 
length, and cell wall 23 of 0.4 mm thick. 

(2) To the honeycomb filter 30 prepared in aforementioned (1) 
is provided a catalyst in the same manner as (3) in Exaxaple 1 
of the invention . 
(Comparative Examples 1 ~9) 

A cylindrical -shaped aggregate type honeycomb filter 10 
mainly cranprising silicon carbide sintered bodies and carrying 
a platinum catalyst is prepared in the same manner as in Example 
1 except for changing the average particle sizes of silicon 
carbide coarse particles and silicon carbide fine particles 
used in the preparation of starting material paste, the 
compounding ratio of the silicon carbide coarse particles and 
the silicon carbide fine particles used in the preparation of 
starting material paste, the firing temperature when a ceramic 
dried body is fired to produce a one-piece type honeycomb filter 
20, and particle distribution of iron powder added to silicon 
carbide fine particle as shown in TeJale 1 below. 

In Comparative ExanKple 2, small amounts of a lubricant 
and a plasticizer are added to starting material paste, further 
mixed and kneaded, and thereafter extrusion -molded to form a 
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ceramic shaped body having a similar shape of Uie cross section 
as shown FI6.1 (a) , but siabsequent steps are not carried out due 
to defect of the obtained shaped body. 

Further, the honeycomb structural body produced In 
Concparatlve Example 5 Is weak In strength due to Imperfect 
firing. 

(Comparative Example 10) 

(1) 70% by weight of a-type silicon carbide powder having an 
average particle size of, 32.6 pm and 30% by weight of metallic 
silicon having an average particle size of 4 . 0 pm are wet-mixed, 
and to 100 parts by weight of the obtained mixture are added 
and kneaded 6 parts by weight of an organic binder (methyl 
cellulose), 2,5 parts by weight of surf ace -active agent, and 
24 parts by weight of water to prepare a starting material paste . 

Next, the starting material paste Is extrusion -molded to 
prepare a ceramic shaped body having a similar shape of the cross 
section as shown FIG. 1(a) . Next, the ceramic shaped body Is 
dried by using a microwave drier to form a ceramic dried body 
and thereafter a paste having the same composition as that of 
the ceramic shaped body Is filled In predetenolned cells and 
again dried by the drier. Then, the dried body is degreased 
at 550 ^'C in an oxidizing atmosphere and fired at 1600^0 in an 
aragon atmosphere under an atmospheric pressure for 3 hours to 
obtain a one-piece type honeycomb filter 20 comprising silicon 
carbide-metallic silicon sintered body as shown in FIG. 1(a) 
having a porosity of 50%, an average pore size of 20 iim, a size 
of 34 mm x 34 mm x 150 mm, 324 pieces of cells, and a cell wall 
23 of 0.4 mm thick. 

(2) A cylindrical -shaped aggregate type honeycomb filter 10 
mainly comprising silicon carbide -metallic silicon sintered 
bodies and carrying a platinum catalyst is produced in the same 
manner as Example 1 (2) and (3) except for using the one-piece 
type honeycomb filter 20 produced in aforementioned (1) . 

(Evaluation Test) 

(1) Connecting state of silicon carbide particles 
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Each honeycomb fil-ber according to Examples, Reference 
Example, and Coxaparatxve Examples Is observed through SEM at 
a magnification of 2000 within a range of 10 mm x 10mm to examine 
whether each silicon carbide coarse particle are connected 
through more than one silicon carbide fine particles, and/ or 
polycrystalllne body formed by silicon carbide particles, that 
Is, presence or absence of connecting portions. The results 
are shown In Table 1. The SEM photograph of Example 10 at 2000 
magnification Is shown In FIG. 2. The SEM photograph of 
Comparative Example 7 at 5000 magnification Is shown In FIG. 9. 
(2) Presence or absence of cracks In regeneration treatment 

An exhaust gas purifying apparatus as shown FIG. 6 Is 
produced and disposed In an exhaust path of an engine by using 
the honeycomb structural body according to Examples, Reference 
Example, and Comparative Examples. The engine Is driven at a 
driving state of a revolution number of 3000 rpm and a torque 
of 50 Nm for given period of time, and thereafter regeneration 
treatment (post Injection system) Is repeated 100 times to 
observe If a crack Is generated In the honeycomb structural body 
through visual observation and SEM observation. The results 
are shown In Table 1 . 

The SEM photograph at 5000 magnification of Reference 
Exaxnple 1 after this test Is shown In FIG. 3. Moreover, the TEM 
photograph of Exaznple 1 before this test Is shown In FIG. 4. As 
a result of conducting qualitative analysis and element mapping , 
It turned out that a lower- left portion Is a single-crystal 
silicon carbide of coarse particle 101 and silicon carbide of 
fine particles 102 Is polycrystalllzed to form a bonding layer 
103 at a right-upper portion. It also turned out to be a case 
105 (white portion) wherein Iron Is contained between fine 
particles . 

FIG. 5 (a) shows a result of measuring the same Example 
through FE-SEM at 2000 magnification, and FIG. 5(b) and (c) are 
X-ray spectral figures of results of conducting qualitative 
analysis to element analysis at each position of A and B In 
FIG. 5 (a) using X-ray. As shown In these figures, coarse 
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par'tlcles 101 can be observed ±n A , andiron, aluminium, nickel, 
tl-banlum, and chromium can be observed In B. 

(3) An average par-blcle size of pla'blnum catalys'b after 
regeneration 'treatmen'b 

In tiie honeycomb stoucbural body according to each of 
Examples , Reference Exaxnple, and Comparative ExaxiKples after the 
evaluation test (2) , a platinum catalyst Is observed through 
a transmission electron microscope (TEM) to obtain an average 
particle size . The results are shown In Table 1 . 
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As shown in Table 1, in tiie honeycomb fil'ber having "bhe 
bonding layer according Examples 1-11, visible cracks are 
net generated even if the regeneration treatment is conducted 
repeatedly. While, in the honeycomb filter according to 
Reference Example 1, fine cracks can be observed through SEM 
observation as the outer peripheral surface is net fastened with 
the sealing material . 

Further, in the honeycomb structural body formed by 
sintering silicon carbide particles only, the average particle 
diameter of platintim catalyst after repeatedly conducting 
regeneration treatment is smaller and the activity of the 
platinum catalyst is higher as compared with the honeycomb 
structural body formed by sintering silicon carbide and 
metallic silicon (Comparative Example 10) . 
(Conventional Example) 

A porous silicon carbide sintered body disclosed in 
JP-A-S60-264365 is charact;erized in that three-dimensional 
net-like structure is cons'tituted by plate crystals of silicon 
carbide and is entirely different from the ceramic sintered body 
according te the invention constituting porous structure by 
silicon carbide particles having different particle sizes . 

Further, JP-A-H4-187578 discloses a method of 
manufacturing a sintered body comprising a -type silicon 
carbide powder having a large particle size and ^ -type silicon 
carbide powder having small particle size wherein the sintered 
body can be formed by grain-growing the ^ -type silicon carbide 
without grain-growing the high -temperature and stable a -type 
silicon carbide. 

Also in JP-A-H5-139861, JP-A-H9-202671 and 
JP-A-2000-16872 , the manufacturing method for sintered body 
comprising similar silicon carbide is disclosed. 

In each of these conventional examples, however, volume 
diffusion between silicon carbide coarse particles and grain 
boundary diffusion are sufficiently developed. In addition, 
they relate to a technique for constructing the same crystal 
structure by uniting silicon carbide coarse particles and 
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silicon carbide fine part:lcles 'through phase-transl'blon of 
uns-bable /3 -type silicon carbide powder t:o a -type silicon 
carbide powder, which Is dlfferen't from tiie bonding layer of 
the presen't Inven'tlon. 

A porous silicon carbide sintered body disclosed In 
JP-A-2001-97776 Is characterized In 'tha't the neck por-tlon 
curves gen'tly and the firing Is carried ou-t a^t a high -temperature 
so as to make the neck portion smooth, so that the silicon carbide 
fine particles do not retain the form of particle after firing 
and the bonding layer Is not formed by polycrystalllne body, 
hence, the sintered body Is different from the ceramic sintered 
body of the Invention. 

INDUSTRIAL APPLICABILITY 

The application of the ceramic sintered body Is not 
particularly limited, but Is useful, for example. In -the 
semlconducter manuf act;urlng field for substeates for ceramic 
heater, probe card, wafer prober and the like, and/or In the 
filed of substrate for Inspection apparatus, substeate for 
Integrated clrcul-ts, substrate for liquid crystel display, and 
ceramic filter. 
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